Osmotic balance in Ochromonas malhamensis is mediated directly by fluctuations in the pool size of a-galactosylglycerol (isofloridoside). Chase experiments with glucose-14C indicate that the pool is in rapid turnover even at constant size. The turnover rate is related to the pool size. Regulation of the pool size seems to occur at enzymic steps involved in the formation, as well as those involved in the degradation of isofloridoside.
The osmotic balance in the golden brown flagellate Ochromonas malhamensis is mediated by IF.2 When substances raising the osmotic pressure, such as salts, glucose, mannitol, or polyethyleneglycol, are added to a flagellate suspension, the cells first shrink and then regain their volume because of the accumulation of IF in a concentration high enough to compensate directly for the outside stress. Any organic material such as exogenous glucose, photosynthesis products, or endogenous reserve polysaccharides can be used to produce IF. If the outside osmotic pressure is decreased, the osmotic excess of IF is converted to reserve /3-1 -> 3-glucans. Thus, the two carbohydrates seem to be readily interconvertible, and the direction of the conversion is determined by the osmotic value of the surrounding fluid (3, 7) . This offers a simple model system for studying the biophysical and biochemical steps involved in the regulation of osmotic balance, since the biochemistry and regulation of carbohydrate metabolism seems fairly well understood.
The formation and degradation of IF appears to involve the classical glycolytic reactions (4) including a /3-1 -* 3-glucan phosphorylase (1) . The key enzyme leading to IF formation is an UDP-gal :sn-glycero-3-phosphoric acid I-a-galatosyl-transferase (5) . Physiological experiments suggest that the regulation involves activation of pre-existing enzyme molecules rather than de novo synthesis of enzymes (7) . To As other experimental necessities caused the osmotic value to vary slightly with different experiments, it was measured routinely using the supernatant fraction from a 1-ml aliquot and an electronic semimicroosmometer (Knauer and Co., Berlin), calibrated against a 0.4 osmolal solution of NaCl (12.687 g/kg water).
At the times indicated by the arrows in the figures, 1 ,Mc/ml glucose-U-"C (300 mC/mmole) was added, and samples equivalent to 1 ml of the original suspension were pipetted into centrifuge tubes held at 90 C, heated for a further 10 mnin, freeze-dried, reconstituted with 1 ml of water, and centrifuged. The supernatant from this centrifugation contained the water-soluble material out of the cells originally present in 1 ml of algal suspension. All data and calculations are given, therefore, per 1 ml of the original cell suspension. In some cases, the algae were inactivated in 4 volumes of hot 99% (v/v) ethanol and held for 5 min at 75 C. The ethanol was removed with a stream of air, and the sample was treated as above.
For the determination of IF, 0.2 ml of the cell extract was mixed with 0.2 ml of 0.1 M sodium acetate at pH 5.6 and 0.1 ml of toluene to prevent bacterial growth. After incubation with 0.5 mg a-galactosidase (6) for about 50 hr at 30 C, the liberated glycerol was measured enzymically with glycerokinase and pyruvate kinase (2) . With this method, 90 to 95% of authentic a-galactopyranosyl-(l -> 2)-glycerol was found when added to the algal cell extracts.
To separate the radioactive glucose and IF, 40 ,ul of the cell extract were applied as 5-cm streaks on Whatman No. 1 filter paper and chromatographed for 45 hr in 1-butanol-pyridine-water-concentrated acetic acid (60:40:30:3[by volume]). The spots of glucose and IF were located by radioautography and counted on the filter paper directly in a solution of 5 g PPO/I of toluene in a Beckman LS 100. The radioactivity remaining at the start line was counted as above to obtain a crude measure of the amount of glucose-"C incorporated into the reserve /3-1-3-glucan (polysaccharide in Table I ). The amount of radioactivity in IF of the sample taken about 5 sec after the addition of glucose-14C was subtracted from all values. This Plant Physiol. Vol. 52, 1973 was necessary because the added glucose-"C was contaminated with traces of galactose-"C which moved together with IF in the above solvent mixture.
After counting the "C-glucose as above, the spot was eluted from the chromatogram, the amount of substance was determined with the glucose oxidase method using a test kit of the Boehringer-Mannheim Co., and the specific radioactivity was calculated.
RESULTS AND DISCUSSION To demonstrate turnover of the IF pool in Ochromnonas the algae were suspended in dilute nutrient solution containing glucose-"C, and glucose-"C of high specific radioactivity was added under various osmotic conditions. Suspended in a medium of low osmotic value (Fig. 1A ) the cells contained a low but constant amount of IF. When the external osmotic pressure was increased, the IF pool size increased and reached a high level at which it remained constant as long as the osmotic stress was not diminished (Fig. 1, B and C) . A decrease in osmotic stress was followed rapidly by a sharp decrease in the IF present in the cells (Fig. 1, D and E) .
At any level of osmotic value and pool size, radioactive glucose was incorporated into IF. The amount of IF-"C formed from the exogenous glucose-"C can be calculated from the speciflc radioactivity of the latter and is included as ,smoles/ml hr in Table I . There was a 10-fold increase shortly after the increase in osmotic pressure when a net increase in pool size occurred (Table I , A and B). This indicates that the amount of IF in the cells is increased by enhanced production rather than by reduced degradation.
The amount of IF-"C formed from the exogenous glucose-"C shortly after the increase of the osmotic value (Table I, ' Calculated from the specific radioactivity of glucose-"IC from the amount which disappeared from the suspension fluid. 2Calculated from the initial slope of the curves with the filled symbols in Fig. 1 using the specific radioactivity of glucose-"4C.
' Calculated from the amount of IF-'4C formed from glucose-14C assuming that 1 molecule of IF will be generated from 1.5 molecules of glucose. carbon material from this source as only minor amounts of unlabeled endogenous material seem to enter the pool. This conclusion is in agreement with the results of unpublished experiments similar to those reported in Figure 1 and Table I One point possibly not directly related to the formation of IF should be stressed. When the cells under high osmotic pressure had reached a constant high IF content then the assimilation of glucose-"C into polysaccharide was found to be increased, although the total amount of glucose-"C metabolized was not altered significantly ( (Table I, D) , however, is almost three times higher than the degradation rate deduced from the turnover rate at the high osmotic value (Table I, C). The degradation capacity, therefore, clearly appeared enhanced shortly after the decrease in osmotic stress.
It was first thought that this observation could possibly be due to an artifact as the rates in two parallel suspensions were compared and after the dilution a greater volume of the algal suspension had to be inactivated by heating from 27 to 90 C. The experiments were carefully repeated with a single suspension and inactivation of the algae in hot ethanol (Fig. 2) . In this experiment also, the net degradation rate after dilution was found to be 4.4 times higher than at high osmotic value. Experiments not documented here gave values of 4.5-, 7.2-and 7.5-fold, respectively.
Obviously, the degrading enzyme system is under control also and can be appropriately regulated if necessary to modulate the pool size. The net degradation reaches a constant rate after about 5 min. It was found before (7) that the time necessary to reach a constant net formation rate after an increase in osmotic value, in contrast, is about 1 to 2 min. Thus the response times of the osmoregulation system to the osmotic stimulus appears to be different for the two events.
The IF content of the cells of Ochromonas which in turn leads to a regulation of the osmotic balance seems to be controlled at the site of production as well as at that of degradation. The mechanism by which changes in the osmotic value of the surrounding fluid are sensed and converted to information capable of regulating such biochemical reactions is unknown. Some indirect evidence, however, in regard to the type of regulation at the biochemical level is available. 
